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The plate has a surface formed with a skin layer containing a mercaptide 
compound which is a reaction product of a thiol compound and a part of 
zinc group plating skin layer. The skin layer is preferably formed with a 
partial zinc group plating layer and a reaction product of alkyl thiol 
compound containing a thiol group mercaptide compound with 8 or more 
number of carbons branched to the lens of an alkyl group. 
USE - In galvanised iron sheets for press stamping. 
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AB PROBLEM TO BE SOLVED: To produce a galvanized steel sheet having excellent 

lubricity so as to withstand oilless press forming and furthermore 

excellent in stain resistance. 

SOLUTION: This galvanized steel steel is the one in which the surface of a 
galvanized steel sheet is applied with coating composed of a mercaptide 
compound which is the reaction product between a thiol compound and a part 
of galvanizing coating film or with coating film composed of a thiol 
compound and a mercaptide compound which is the reaction product between a 
thiol compound, and a part of galvanizing coating film. In this case, it is 
preferably that the mercaptide compound is the reaction product between an 
alkylthoil compound in which the terminal or both terminals of 
straight -chain >=8C alkyl groups have thiol groups and a part of 
galvanizing coating film. 
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(54) [Title of the Invention] /I* 

Galvanized Steel Sheet Excellent in Lubricity and Stain Resistance 
[Claim(s)] /2 

[Claim 1] A galvanized steel sheet excellent in lubricity and stain 
resistance characterized by having a coating comprising a mercaptide 
compound, which is a reaction product between a thiol compound and a portion 
of a galvanizing coating, or having a coating comprising a thiol compound 
and a mercaptide compound, which is a reaction prpduct between a thiol 
compound and a portion of a galvanizing coating. 

[Claim 2] The galvanized steel sheet having excellent lubricity and 
stain resistance of Claim 1 characterized by the m.ercaptide compound being 
a reaction product between an alkyl thiol compound having thiol group (s) 
at one or both terminals of a straight chain alkyl group having eight 
or more carbons and a portion of a galvanizing coating. 
[Detailed Specifications]. 
[0001] [Technical Field of the Invention] 

This invention relates to a surface galvanized steel sheet having 
excellent lubricity and stain resistance. 
[0002] [Prior Art] 

Galvanized steel sheets, such as zinc-based plated steel sheets; 
alloyed melt -galvanized steel sheets and Al-Zn-based plated steel sheets, 
have been used widely in the pastas blanks for stamping. . To improve the 
workability of these zinc-plated steel sheets during stamping, a press 
oil generally is applied onto the surface of the plated steel sheet. 

* Number in the margin indicates pagination in the foreign text. 
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However, recently, galvanized steel sheets for which the degreasing step 
can be omitted from the viewpoint of environmental conservation, and in 
short, which can be without being degreased after stamping are in strong 
demand. Thus, quick-drying oils that are applied press oils which dry 
spontaneously after stamping are used in general, but recently, a much 
higher level of press moldability has been demanded for stamping, and 
it has become a difficult situation to sufficiently meet such a demand 
using a conventional quick-drying oil. 

[0003] In addition, rain water adheres to a galvanized steel sheet' 
during the storage and transport thereof in the period after its manufacture 
up until it is machined by the user, and contaminants, such as C, Ca and 
Si, which are contained in rain water, remain and adhere to the surface, 
of the plated steel sheet after the rain water has dried, so there is 
a problem because this compromises the appearance of the plated steel 
sheet. A method in which the surface on which oiling is performed on 
the surface of the steel sheet is hydrophobicized is generally used as 
a measure against this, but even if the above process is used, dust, dirt, 
and the like wind up in the oil; hence, staining cannot be prevented enough, 
[0004] [Problems to be Solved by the Invention] 

Consequently, an object of the present invention is to provide a 
galvanized steel sheet having excellent lubricity and also outstanding 
in stain resistance and which can withstand a press-forming without oiling. 
[0005] [Means for Solving the Problems] 

To achieve such an object, the characteristic constitutions of the 
present invention are as follows. 



(1) Agalvanized steel sheet excellent in lubricity and stain resistance 
characterized by having a coating comprising a mercaptide compound, which 
is a reaction product between a thiol compound and a portion of a galvanizing 
coating, or having a coating comprising a thiol compound and a mercaptide 
compound, which is a reaction product between a thiol compound and a portion 
of a galvanizing coating. 

(2) The galvanized steel sheet in (1) above; said galvanized steel 
sheet having excellent lubricity and stain resistance characterized by 
the mercaptide compound being a reaction product between an alkyl thiol 
compound having thiol group (s) at one or both terminals of a straight 
chain alkyl group having eight or more carbons and a portion of a galvanizing 
coating. 

[0006] [Embodiments of the Invention] 

A characteristic feature of the present invention is to provide a 
coating comprising a mercaptide compound, which is a reaction product 
between a thiol compound and a portion of the galvanizing coating (including 
cases' in which, unlreacted thiol compound remains) on the surface of a 
galvanized steel sheet. When the thiol compound is applied onto the 
galvanized steel sheet, a mercaptide compound having a film thickness 
on the order of several molecules is formed by reacting with the zinc 
or zinc oxide on the surface of the plated coating to a state in which 
the plated surface is covered by the mercaptide compound. An inventor 
of the present invention discovered that extremely excellent lubricity 
and stain resistance could be obtained by forming a coating of such a 
mercaptide compound on the surface of a galvanized steel sheet. 
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[0007] Melt-galvanized steel sheets, electro-galvanized steel sheets, 
alloyed melt-galvanizedsteel sheet, Zn-Al-basedalloy-plated steel sheets, 
Al-Zn-based alloy-plated steel plates, and the like can be cited for the 
target galvanized steel sheet of the present invention. Since the content 
of the mercaptide compound in the coating (amount of thiol adsorbed in 
the surface of the galvanized steel sheet) is a tiny amount, it is difficult 
to quantitatively limit it. However, by using an analysis means, such 
as an X-ray electron analyzer (XPS) , the presence of the adsorbed thiol 
compound can be confirmed by examining the state of the C, S, 0 and Zn. 
As long as it is contained to the extent that the thiol adsorption can 
be confirmed by such a means, the desired lubricity and stain resistance 
aire obtained. Moreover, it is not a problem if unreacted thiol compound 
is present in the coating according to the present invention. As long 
as the mercaptide compound is produced, the desired lubricity is obtained 
even if unreacted thiol compound is present. 

[0008] A. general method for forming the above t mentioned coating 
includes a method in which a thiol compound dissolved or diluted with 
ether, alcohol, water, or the lilce is applied onto a plated steel sheet, 
and thus, enough lubricity and stain resistance area obtained, but after 
this, a sealing treatment is further carried out on the coating defects 
at the molecular level by dipping it in hexane or the lilce, and extremely 
excellent lubricity and stain resistance are obtained. In addition, 
although the type, chemical structure, and the liJce of the thiol compound 
used to form the mercaptide compound are not limited, an alkyl thiol compound 
having thiol group (s) at one or both ends of a straight chain alkyl group 
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having eight or more carbons may be cited as an especially ideal thiol 
compound. Of these, alkyl thiols, such as 1-octadecane thiol, • /2 

1-hexadecane thiol, 1-dodecane thiol and 1-octathiol, may be cited as 
examples of the alkyl thiol having a thiol group at one end of the alkyl 
group. Moreover, n-decane thiol ( C10H20 (S|H.) 2) may be cited for the alkyl 
thiol having thiol groups at both ends of an alkyl group. These thiol 
compounds have an effect for improvement with an especially excellent 
lubricity. 

[0009] Moreover, it is not preferable if the acidity of the thiol 
compound increases excessively because the etching action on the surface 
of the plated steel sheet increases. The acidity of the thiol compound 
generally is affected by the size of the alkyl group. The larger the 
alkyl group, the smaller the acidity is. In addition, since there is 
a tendency for the acidity of the thiol compound to decrease in order 
of a primary, secondary and tertiary thiol compound, this is a useful 
criterion for selecting the thiol structure. Therefore, it is preferable 
to select the structure of the thiol compound, depending on the blank. 
[0010] [Practical Examples] 

The materials offered for testing wherein electro-galvanized steel 
sheet were used as the plated steel sheet blanks, were prepared, as follows, 
and the lubricity (coefficient of thermal expansion) , stain resistance 
and water repellency (contact angle to water) of these materials offered 
for testing were measured and evaluated. The results thereof are shown 
in Table 1 . 
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Practical Example 1 (Example of present invention) 

A galvanized steel sheet was dipped in a solution in which 5 millimoles 
of 1-octadecane thiol were added to a mixed solvent (4:1) of ethanol and 
water, and dried - 

Practical Example 2 (Example of present invention) 

A galvanized steel sheet was dipped in the same thiol -containing 
solution as in Practical Example 1, subsequently dipped in hexane, and 
dried. 

[0011] Practical Example 3 (Example of present invention) 

A galvanized steel sheet was dipped in a solution in which 5 millimoles 
of 1-butane thiol were added to a mixed solvent (4:1) of ethanol and water, 
and dried. 

Practical Example 4 (Example of present invention) 

A galvanized steel sheet was dipped in a solution in which 5 millimoles 
of 1-dodecane thiol were added to butyl cellosolve, and dried. 
Practical Example 5 (Example of present invention) 

A galvanized steel sheet was dipped in an aqueous solution to which 
5 millimoles of 1 , 3 , 5-triazine-2 , 4 , 6-trithiol were added, and dried. 
Practical Example 6 (Comparative Example) , \ 

A galvanized steel sheet used as is 
Practical Example 7 (Comparative Example) 

A commercially-available quick-drying oil "G6211" (manufactured by 
Kohsakuyu -Co. , Ltd.) was applied onto a galvanized steel sheet. 

[0012] Lubricity: The lubricity was evaluated by inserting the 
measurement sample in a jig manufactured from SKDll, and measuring the 
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tensile load P while performing a planar drawing test at a pressing load 
W of 0 . 8 kgf /mm^ (drawing speed: 200 mm/min. ) by basing this on the coefficient 
of thermal expansion (=P/(Wx2) . The stain resistance was evaluated from 
the AE of the sample obtained by applying a solution in which water was 
mixed at a weight ratio of 1:1 by using twelve kinds of carbon black used 
for a test stipulated by JIS Z-8901, set aside for 24 hours, and cleaned 
by washing with water. Moreover, when AE (= geometric mean of (L, a, 
b values after test) - (L, a, b values before test) is AEsl, it is a level 
at which staining cannot be confirmed visually. The water repellency 
was evaluated by finding the contact angle to water using pure water in 
a droplet test. 

[0013] According to Table 1, the lubricity and stain resistance of 
the Practical Examples 1 to 5, which are the present practical examples, 
are improved more greatly than those of the untreated comparative example 
(Practical Example 6) and the comparative example in which a quick-drying 
oil was applied (Practical Example 7) . In addition, Practical Examples 
1 to 4 are examples in which a specific alkyl thiol compound stipulated 
in claim 2 was used. A far superior lubricity than that in Practical 
Example 5 is obtained. 
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[0014] [Table 1] 

. TABLE 1 
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Key: 



No. 


Sample Offered for Testing 


Lubricity 
(Coefficient 
of Thermal 
Expansion) 


Stain 
Resistance 


Water Repellency 
(Contact Angle 
to Water {<>) 


Category 


1 


Dip in 1-octadecane 
thiol -containing solution 
and dry 








Example of 

present 
invention 


2 


Dip in 1-octadecane 

thiol -containing solution 
then in hexane and dry 








Example of 

present 
invention 


3 


Dip in 1-butane 

thiol'Containing solution 
and dry 








Example of 
present 
invention 


4 


Dip in 1-dodecane 

thiol -containing solution 

and dry 








Example of 

present 
invention 


5 


Dip in 

1, 3 , 5-tria2ine-2, 4, 6-tri 
thiol -containing solution 
and dry 








Example of 
present 
invention 


6 


Untreated 








Comparative 
example 


7 


Apply quick-drying oil 








Comparative 
example 



[0015] [Advantages of the Invention] 

Staining can be prevented suitably during storage and transport because 
the galvanized steel sheet of the present invention, which was described 
above, has a higher level of lubricity than the lubricating performance 
of a qui cJc- drying oil used in the past, and moreover, it has a higher 
level of stain resistance. 
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